We analyzed 1011 prescriptions of 84 active substances, made in 218 admissions. In 42.9% of the cases, medicines were used according to Summary of Product Characteristics information; 27.9% of drugs were approved for neonatal period but used in an off-label manner; off-label drugs for neonates were used in 10.1%, whereas those with undetermined approval state and contraindicated were used 6.0% and 8.7% of the cases, respectively. Unlicensed prescriptions accounted for 4.4% of total. Preterm received a higher rate of drugs used according to Summary of Product Characteristics (p < 0.0001), whereas full-term received more off-label drugs for dose/frequency (p < 0.0001) and contra-indicated for neonates (p < 0.012). Discussion: Preterm neonates received a higher median number of drugs, since they stayed longer in the unit. The main reason for off-label prescribing was the use of doses/frequencies of administration different from those stated in the Summary of Product Characteristics, suggesting that updating these documents is necessary. Manipulation of medicines is one of the causes for unlicensed drugs use, emphasizing the lack of appropriate formulations for neonatal age.
INTRODUCTION
Global policies for prescribing medicines for children have been changed since it was established between the international medical community the need of therapeutical measures adapted to this particular stage of life. Characteristics (SPC) in terms of patient age, indication, dosage, frequency and route of administration. Unlicensed refers to a drug that has not a Marketing Authorization (MA), is not licensed in a country, or does not have an appropriate formulation available in the market. 2, 3 Besides the legality or adequate justification for the use of unlicensed/off-label drugs, it brings ethical dilemmas and can be associated with clinical and safety issues. [4] [5] [6] [7] Many studies have shown that neonates have higher risk of using off-label drugs than the children of other age groups. 6, [8] [9] [10] [11] A range from 55 to 80% in the use of unlicensed or off-label drugs at neonatal settings is referred in literature reviews on this theme; the proportion of patients receiving at least one of these drugs ranges from 80-97%. 5, 6, 11 Other specificities of neonatology are the added risk of preterm newborns to die or develop serious morbidity throughout life. 9, 12 For this reason, just like sick full-term newborns are more exposed to the off-label/unlicensed medications, the most premature and low birth weight neonates receive the greatest number of drugs. [13] [14] [15] Moreover, there are also the specific pharmacokinetics and the fast body mass and composition change of newborns, making them particularly susceptible to the risks of developing adverse drug reactions (ADRs) or experiencing errors in adjusting doses or formulations. 5, 6, 9, 10 In 2010, European Medicines Agency (EMA) published a report that describes existing data on paediatric uses of medicinal products by country. Portuguese data were collected in 22 hospitals referring to inpatients only; offlabel status related information was available in 33% of the cases, but there was no quantitative measure of the extent of medicines used in paediatric population. Our study proposes (1) to assess the extent and type of drugs used in our Neonatal Intensive Care Unit (NICU), (2) analyze the frequency of off-label/unlicensed prescriptions according to information available on drugs SPC, and (3) compare results between preterm and full-term neonates.
MATERIAL AND METHODS
This is a retrospective cross-sectional study, performed at a Portuguese NICU, located at one of the university hospitals that provide tertiary level treatment. This unit of reference has 17 beds, where 445 babies were treated in 2013.
All clinical information and medicines prescribed to neonates (0-27 days of postnatal age, corrected for a gestational age of 40 weeks in case of preterm neonates) admitted in the neonatal unit during a 6-month period (between January 1 st and June 30 th , 2013) were recorded in an electronic database, after review the patients' medical records. Recorded information includes demographic data (gender, gestational age, type of delivery, birth weight, Apgar score at first and fifth minutes), clinical information (diagnoses, length of stay, place to where the newborn was discharged) and prescribed drugs data (active substance, codification according to the Anatomical Therapeutic Chemical (ATC) classification system 17 , indication, dosage, frequency, route of administration and the occurrence of ADRs).
Most prescriptions were based on active substance, so we consulted the SPC from the trademarks provided by hospital pharmacy during this period, available in the database of medicinal products for human use of INFARMED, the regulatory authority of medicines in Portugal. 18 In case of missing or ambiguous information regarding the use in neonates, other SPCs of the same active substance but different trademark were analyzed and it was considered the one with more extensive data about paediatric use.
Oxygen therapy, intravenous replacement solutions and electrolyte support, flushes for intravenous lines, drugs used during surgeries, enteral and parenteral nutrition, contrast agents, vaccines of Portuguese National Vaccination Programme, blood products (except albumin and immunoglobulins), basic creams, drugs on clinical trials or phototherapy were excluded.
As shown in Fig.1 , drugs without MA or manipulated in the hospital pharmacy were classified as unlicensed, while the remaining were considered licensed and subsequently classified into approved, off-label, contraindicated or with . Continuous variables were characterized by mean (± standard deviation) and median (minimum-maximum) depending on they had symmetric or asymmetric distribution, respectively, and categorical variables by absolute and relative frequencies. To compare continuous variables we used parametric (independent t test) or non-parametric (Mann-Whitney U test) tests if they had symmetric or asymmetric distribution, respectively. Categorical variables were compared by Chi-squared or Fisher's exact test. A p value less than 0.05 was considered statistically significant.
The protocol was approved by the Ethical Committee and Administrative Council of the institution.
RESULTS

Population
A total of 218 admissions were comprised, as shown in Table 1 . From the total patients, 55.5% were males. Their mean gestational age and birth weight were 36.07 ± 4.0 (SD) weeks and 2554 ± 910.5 (SD) grams, respectively, with statistically significant differences between preterm and full-term neonates (p < 0.001).
Caesarean sections were performed in 55% of deliveries, with a higher rate in preterm neonates; the vaginal and forceps/vacuum deliveries were more frequent in full-term neonates (p < 0.023).
At admission, 165 neonates (75.7 %) had a medical health condition, whereas 32 (14.7%) had a surgical condition and 21 (9.6%) had a cardiac one. We categorized all diagnoses in the following categories, in descending order of frequency (n value; %): metabolic (94; 27.6%), cardiovascular (48; 14.1%), respiratory (41; 12.1%), neurologic/ sense organs (33; 9.7%), hematologic (32; 9.4%), digestive (28; 8.2%), infectious (25; 7.4%), nephro-urologic (23; 6.8%), and others (16; 4.7%).
In 54 cases (24.8%) oxygen was administered, and 81 neonates (37.2%) were in mechanical ventilation. Eighty newborns (36.7%) had venous and/or arterial catheters, and 95 newborns (43.6%) required total parenteral nutrition for a period. Median length of stay was 9 days to preterm and 6 days to full-term neonates (p < 0.001). At the time of discharge, 96.3% of these were alive; full-term neonates were more discharged to home and less discharged to other hospitals than preterm neonates (p < 0.001).
Drug prescriptions
A total of 1011 prescriptions were made, concerning to 84 different active substances ( Table 2 ). The median number of drugs needed to each newborn was 3 (p < 0.001). The maximum number of medicines used in preterm and full-term population was 34 and 22 per patient, respectively (Table 1 ); 69.7% of patients received at least one off-label/unlicensed drug (72.3% in preterm and 67.7% in full-term neonates). In 30 cases (13.8%), all of them with a gestational age ≥35 weeks, the patients did not receive any drug.
As shown in Fig. 2 , most used drugs were anti-infectives for systemic use (31.9%), followed by those which act upon the nervous system (18.4%), alimentary tract (14.7%), cardiovascular system (12.3%), and blood forming organs (7.3%).
The top 10 administered drugs were gentamicin (n = 104), ampicillin (n = 94), cholecalciferol (n = 60), morphine (n = 49), paracetamol (n = 43), caffeine citrate (n = 40), multivitamins (n = 38), clotrimazole (n = 35) furosemide (n = 32), and iron hydroxide polymaltose (n = 30).
The percentage of prescriptions of approved drugs for neonatal period was 70.8%, but only 42.9% of total were used according to SPCs information (p < 0.0001). In 25.7% of the cases, the drugs were off-label for dose and/ or frequency (p < 0.0001) and 1.4% were simultaneously off-label for gestational age and dose (p < 0.001). The remaining prescriptions (29.2%) were non-labelled for this age group: 10.1% were off-label, 8.7% were considered contraindicated (p < 0.012), 6% had undetermined state of approval for neonates, and 4.4% were unlicensed, as shown in Table 3 .
The intravenous route was the most applied, in 61.4% of the cases (p < 0.0001). As can been seen in Table 4 , it was followed by oral route in 21.5% of prescriptions (p < 0.003).
DISCUSSION Prescription in neonatal setting
To our knowledge, this is the first study evaluating offlabel and unlicensed drug prescriptions in a Portuguese NICU. Our study population represents the typical one of a specialised NICU, consisting of a high rate of patients transferred from other hospitals (26.1%) and a median length of stay of seven days. In other NICU's, median values reported were superior (11-15 days). 12, 13, 19 The transfers to other hospitals done in 19.7% of the cases, mainly in preterm neonates, could explain these differences. As we can verify in Table 1 , preterm neonates had a longer stay (median of 9 days), which is consistent with high rates of medical complications needing prolonged NICU stays. 15 Each newborn was exposed to a median of three different drugs. Two recent studies performed in NICUs with similar prevalence of off-label/unlicensed drugs use reported an equal median, 20, 21 whereas others refer median from 4 to 8 drugs per patient. 12, 13, 19 With regard to the higher number of drugs necessary in preterm neonates (median = 4), it confirms the current knowledge that younger, lighter and most vulnerable newborns receive more drugs than the more matures. [13] [14] [15] Beyond the classical division into off-label and unlicensed drugs, we chose to add 'undetermined state approval' and 'contraindicated' categories, in order to be more precise in data analysis. However, typically they are included in off-label category by other authors. 12, 14 In order to compare our results with international reality, we will consider the designation off-label in a broader sense, as concerning to a use not recorded in the SPC for a drug approved in Portugal. Thereby, the sum of drugs used in off-label manner to neonatal period, gestational age, indication, dose/frequency and route of administration, together with those with undetermined approval state 
and contraindicated, results in a total of 52.7% off-label prescriptions (47.0% in preterm and 60.9% in full-term neonates), as shown in Table 3 . This frequency is similar to those described in recent studies (46.5%-65%), [21] [22] [23] [24] but is superior to some researches that report rates of 15.5% 7 , 27.7% 14 and 29.5%.
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In studies where off-label/unlicensed prescriptions are presented together, prevalence rates range from 34% to 69%. 10, 12, 14, 19, 20, [23] [24] [25] Comparing to our results, if we add the use of unlicensed to off-label drugs, a rate of 57.1% offlabel/unlicensed prescriptions is obtained, according to SPCs information.
The wide range of results detected between our study and others mentioned above may be due to differences in the definitions of off-label use, licensing practices/policies in different countries, and the type of hospital where the study is performed. 13 The reviews that show rates of 55-80% of off-label/unlicensed drugs, describe studies conducted years ago; meanwhile, drug labelling for some drugs have been amended. 6, 11 We identified 84 active substances used, all listed in Table 2 according to their application and SPCs information. The number of products identified varies greatly between the studies, depending on the period and number of units included; it ranges from 24 drugs in a 4-month study in a single unit to 93 in a 24-hours evaluation in 17 NICUs. [19] [20] [21] 24 Like in other studies, anti-infectives for systemic use and drugs for central nervous system were the most prescribed (Fig. 2) .
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Approved drugs in neonatal period
Limiting the discussion to drugs approved for neonatal age, a statistically significant difference in the use of drugs according to the SPC was verified, with almost half of drugs utilized in preterm neonates following SPCs advices (Table  3 ). In fact, some drugs employed in prematurity are so specific that studies were performed to define doses and get authorization; some of them, like ibuprofen for patent ductus arteriosus and caffeine citrate for apnoea of prematurity, are even orphan drugs.
In several studies, the main reason for off-label classification was the lack of paediatric information, especially for neonates. 10, 20 In others, off-label use was assigned to different doses and dosing frequencies from those recommended in product licenses. 3, 11, 23 The latter is the main reason that led us to classify an approved drug as off-label too, which occurred in 33.5% of the cases in fullterm and 20.3% in preterm neonates (p < 0.001).
Most drugs used in a dose and/or frequency different from those stated in SPC are anti-infectives for systemic use. Ampicillin and gentamicin were the most prescribed antibiotics, once the empirical therapy for newborns should be based on a combination of ampicillin and an aminoglycoside. 26 Their labels contain information concerning to variable doses according to weight and postnatal age, respectively, but do not consider the variations in pharmacokinetics that occurs with the gestational age at birth time. Gentamicin was also used in a single daily dosing, although SPC solely describes divided doses. The medical prescription in our ward is supported several times by paediatric handbooks and scientific papers, reason why we consulted LexiComp's Pediatric & Neonatal Dosage Handbook. This publication takes into account the gestational age and weight, so these anti-infective prescriptions would not be off-label if we considered only the book. 27 A survey on off-label antibiotic use performed in three European countries describes an unregistered dose use in a range of 37.8% to 51.7% of prescriptions in NICU, so our findings are in line with European reality. 26 There were also statistically significant differences in the use of off-label drugs for gestational age and dose, since it was in preterm infants that these drugs were administered in these conditions. To exemplify, intravenous paracetamol SPC refers that 'data on safety and efficacy are not available for preterm newborns', although the oral paracetamol SPC does not mention the absence of this data and displays dosage for infants weighing less than 4000 g, regardless of gestational age.
Off-label prescribing for neonatal period
In 10.1% of the prescriptions, SPCs of corresponding drugs establish a minimum age limit from which their use is approved: budesonide can be used in children over 2 years of age, while adenosine efficacy and safety in children aged between 0 and 18 years has not been established (Table 3) . Not all drugs classified in Table 2 neonatal period are due to age group. For example, sodium bicarbonate was prescribed in a concentration of 8.4%, but its SPC recommends the administration of a concentration of 4.2% in children younger than 2 years. Ranitidine and domperidone, belonging to the third ATC category most used in our population, are useful examples to demonstrate other findings. According to SPC, the safety of using ranitine in children under 12 years is not fully elucidated. In an attempt to clarify the authorised age group for this drug, we consulted the assessment of needs of gastroenterological drugs for paediatric age published in 2006, and no age limit was identified in France, but in Germany it is approved for children older than 6 years. 28 We consulted LexiComp's Handbook too, noticing that it has information on ranitidine neonatal dosing. 27 The recommended dosage in domperidone SPC comprises only children over 2 years; however, in the already referred EMA's document, domperidone is considered to be already covered and that there is no need for further paediatric data; 28 in LexiComp's handbook, it is not even mentioned.
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Thus, we can conclude that the information conveyed by different authorities is unequal and requires an increased effort in decision-making by paediatricians. During our approach, other SPCs of the same active substances were read and we found lack of updated information about neonatology use in some of them. For example, SPC of ampicillin trademark supplied by hospital pharmacy is silent on neonatal use or posology, but other trademark SPC exposes information about it. This would result in a possible categorization of off label drug to neonatal period, only because the label is not updated. As mentioned in other works, including one performed in Portugal, many of the drugs used in this period are in the market for several years. Nevertheless, the SPCs were not updated, although there is a long clinical experience in their use. 4, 29 We also verified that in 6.0% of prescriptions, the SPCs consulted have no specific information on the use of the drug in paediatric population, so prescriptions were classified as 'undetermined state of approval' (Table 3) . They deliver ambiguous information, like 'should be administered with caution in children' stated in dexamethasone SPC. However, it is a lower percentage when compared with the 22.7% of drugs referred in an Italian study as containing no information for paediatric use. 24 
Contraindicated drugs
As presented in Table 3 , 8.7% of all prescriptions in the NICU were contraindicated drugs administered in a statistically significant higher proportion in preterm neonates (4.7%). This percentage is much higher than observed in other studies; in one of them, authors reported a rate of 0.3% of contraindicated drugs use in neonates. 30 Morphine was the most frequently contraindicated drug used, once it's SPC states dosage for children over 1 year and contraindication for newborns, as they present increased sensitivity to opioids and consequently greater depression of respiratory center. Indeed, it was been identified by EMA as authorized to infants over 6 months, but it is still necessary data on pharmacokinetics, safety and efficacy in younger children. 28 However, there are recommended doses for this age group and its management is done in intensive care, minimizing the risks of respiratory depression.
27
Unlicensed prescribing
In 4.4% of the prescriptions, drugs were classified as unlicensed, for three main reasons: some active substances, like trimethoprim and hydrochlorothiazide, are currently marketed only in combination with other active substances; some drugs are no longer available in the market, like chloral hydrate; and, at last, drugs like propranolol and spironolactone are not marketed in formulations suitable for neonatal age (Table 3 ). The oral formulations are available only in tablets or capsules, so their manipulation in the hospital pharmacy is required in order to be possible to babies swallow the medicine. 29 Of unlicensed drugs shown in Table 4 , almost all are mentioned in the list of reimbursed manipulated medicines, published in Portuguese Official Journal in 2010 (except acetylsalicylic acid and calcium carbonate), demonstrating that knowledge of the existence of gaps in the medicines prepared industrially is not recent. 31 Such manipulated formulations have poor information regarding bioavailability and stability, so the only way to overcome a potential unnecessary risk of their administration in neonates would be the investment of pharmaceutical companies in new oral formulations in spite of the small paediatric market. 2, 20, 29, 32 However, appropriate formulations do not obviate the need for more studies on safety and efficacy directed to these active substances, since available SPCs of these drugs do not contain satisfactory information for paediatric age. The absence of SPCs, as in the case of chloral hydrate, would leave doctors without documentary support for its therapeutic choice, if there were no reference books. This failure could justify the findings of a recent study that related medication errors and medicines license status, in which unlicensed drugs use appears to be associated with medication errors in neonates and children. 22, 33 In Portugal, like in other countries, the use of a drug outside of the approved indications is the responsibility of the prescribing physician, 20 and INFARMED declared that it is responsibility of the pharmacy, therapeutics and/or ethics committees of each institution to decide on the correctness of therapy prescribed to patients. 34 In order to avoid legal problems, the risks and benefits of the drug should be explained to the carer, regardless the license status. However, the informed, enlightened and free consent should be given in writing in the particular situation of using drugs off-label. 35 
Route of administration
The evaluation of the administration routes showed significant differences between the two population groups (Table 4) . Intravenous route was the most utilized (61.4% of total), being even more apparent this trend in full term neonates who received 70.6% of drugs by this route. Oral route was used in 21.5% of the cases, mainly in preterm neonates (p < 0.003). This is an unexpected result, since their immaturity when compared with the full-term would lead to suppose that oral route was more used in latter. In other study the results are dissimilar, with enteral route being the most used (49% of cases), followed by parenteral one (46%). 13 The remaining statistically differences were verified in drugs administered by endotracheal and subcutaneous routes, used mainly in preterm neonates due to the drugs characteristics. They used poractant alpha, a surfactant to endotracheobronchial instillation utilized in the treatment or prophylaxis of respiratory distress syndrome in newborns; likewise, epoetin beta, a drug approved for the prevention of anaemia of prematurity, was the only one administered subcutaneously.
Adverse drug reactions
In contrast with one of the first studies that evaluated ADRs in neonates, which found a rate of 6% of ADRs in a population similar to ours (where was used off-label and/ or unlicensed in 55% of the cases), 6 no ADRs to the drugs comprised in this study were reported to the competent authorities on pharmacovigilance during the study time. The retrospective design of the study may have overlooked adverse reactions reported in clinical notes or underreporting of possible ADRs may have occurred, as the nonoccurrence or failure to identify ADRs may be explanations for this finding. 10 We also observed that several drugs were given for each newborn, with a maximum number of 34 and 22 for preterm and full-term neonates, respectively. In fact, polypharmacotherapy is a common practice in NICUs (especially in high-risk neonates) and is associated with a statistically significant superior risk of developing ADRs; this risk is also associated with a greater use of unlicensed/ off-label medicines. 32 There is lack of information on the compatibility of these drugs, particularly with regard to intravenous drug co-infusions; in fact, only 4% of intravenous co-infusions were shown to be compatible without restrictions in a NICU, raising the risk of serious drug interactions.
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Impact of European legislation
Portugal follows the European Union Regulation On Medicinal Products for Paediatric Use (Regulation nº 1901/2006) implemented in 2007. 36 After more than six years in force, EMA published a report on experience acquired with the application of this regulation which implemented a system of obligations, incentives and rewards to the development of drugs for paediatric age in European Member States. 37 The document refers 600 Paediatric Investigation Plans agreed by the end of 2012, most of them for medicines that were not authorized in EU and the remaining related to new indications for patent-protected products or paediatric-use marketing authorizations. However, only 2% of these were exclusively addressed to neonatal intensive care. 38 The number of paediatric clinical trials remained stable between 2006 and 2012 but there was an evident increase in the number of paediatric study participants, in particular for the age group of 0 to 23 months, who were normally not included in trials prior to 2008. Regarding to information on medicines used in children, more than 18000 study reports were submitted to EMA since 2008, but it originated only 65 actual changes to authorized SPCs of products. 38 These results are encouraging, but there is still a long process until we reach satisfactory and ideal paediatric pharmacological treatments.
Limitations of this study
The results reflect the reality of a single tertiary care unit, inserted in an academic hospital, so they may reflect only our local reality and not the current practice in centers throughout the country.
We did not assess the outcomes of medication use, so we cannot argue about the real risks versus benefits of their use.
CONCLUSIONS
Off-label prescription is a frequent practice in this Portuguese NICU, performed in 52.7% of the cases, mainly by the use of different doses and/or frequency from those stated in drugs' SPCs. These results give more strength to the need of update SPCs information in case of medicines whose use experience is long. Paediatric studies should be conducted on drugs intended to be introduced in the market too, with the aim of reducing the rate of off-label administrations in the future, providing safe and adequate medication to neonatal patients. Unlicensed drugs use was more modest (4.4%), but reinforce the need for pharmaceutical companies to invest in new paediatric formulations. Great progresses have been made to reduce the inherent risks of these prescriptions, but it is crucial that paediatric and neonatal societies, government organizations and pharmaceutical companies join forces to achieve the approval of a larger number of innovative and beneficial medicines for in children.
